To estimate the order of importance of factors affecting the stability and maturation of compost, cow feces and maize stalks were co-composted at different aeration rates "AR" (22, 44 and 66 L kg -1 DM . min -1 ) of C/N ratios (16, 19, 22), and moisture contents "MC" (60 %, 65 %, 70 %). A composting process was monitored by physical and chemical methods. The thermophilic phase with all treatments was long enough to meet sanitation requirements. The emitted carbon dioxide and the losses total organic carbon and total extractable carbon increased with increasing aeration rate, there was a significant difference between the treatments with low and high aeration rate, but no significant differences between those two treatments and the moderate aeration rate. The total nitrogen contents of all treatments decreased during the thermophilic phase, while it was increased after that for all treatments except T8. The compost with the highest initial C/N ratio was significantly different from the other treatments and had the highest values of humic substances, degree of humification and humification rate. The compost with the lowest initial C/N ratio was significantly different from the other treatments and had the lowest germination index (57-67%). Aeration rate was the main factor influencing compost stability, while the C/N ratio mainly contributed to compost maturity, and the moisture content had an insignificant effect on the compost quality. The recommended parameters for composting are an aeration rate of 0.44 L kg -1 DM. min -1 and a carbon to nitrogen ratio of 19 with moisture content of 60-70%.
Introduction
The amount of cow waste generated in Egypt has increased dramatically with the rapid development of cow farms. These wastes can cause hygiene hazards, odor pollution, and ground and surface water pollution from the leaching of pollutants, if not properly treated. Also, increased use of animal waste has brought hygienic aspects into focus, particularly the need to significantly reduce pathogen content. Manure composting involves the breakdown of complex and simple organic materials by aerobic microorganisms (Novinscak et al, 2007) .
On the other hand, agricultural wastes in Egypt are considered a big problem facing farmers and officials.
The amount of these wastes is about 14 million tons annually. These amounts of crop residues are burnt in several governorates. It is environmentally undesirable and is practiced by farmer. Average crop residues of maize stalk in Egypt are 4.1 million tons Nada (Badawi and Tantawi, 2004) . Bulking agents are always required to modify the properties of animal manure during composting because of the high moisture contents, low C/N ratio and high density of animal manure. The maize straw is rich in carbon and has a low density and low moisture content, making it suitable for use as a bulking agent during composting (Kumar et al, 2010) .
As an agricultural country, Egypt needs large amounts of organic fertilizers to improve crop yields and quality, and maintain or increase the nutrient status of soil and improve its structure. Fresh cow feces are a valuable resource for organic fertilizers because of their high organic matter and nutrient content.
However, fresh cow waste is unsuitable for direct land application because of the unstable organic matter, pathogens, weed seeds and the difficulties associated with preservation and transportation. Composting is an effective and economical method for the treatment of animal manure prior to land application, in which pathogens and weed seeds are destroyed and the highly heterogeneous solid state organic matter is transformed to more stable and mature humic substance by the activity of bacteria, epiphytes and actinomycetes (Badawi and Tantawi, 2004) . Also, stable and mature compost can be applied to soil as an organic amendment to improve plant growth and soil fertility, as well as enhancing the function of soil for carbon sequestration. However, the application of unstable and immature compost would fix nitrogen in the soil and restrict plant growth by competing for oxygen in the rhizosphere and releasing toxic substances (Bernal et al, 2009 ).
The stability and maturity of compost are often referred to as the compost quality. The stability typically refers to microbial activity and can be defined by the emitted carbon dioxide, the heat released, respiration index or the conversion of various chemical species in compost organic matter (Gao et al, 2010) , while maturity refers to the amount of degradation of phytotoxic organic substances and is generally measured by the germination index or plant bioassays (Said-Pullicino et al, 2007) . However none of these methods give an absolute parameter.
Compost is a very heterogeneous biomass and the different chemical methods exploited to determine maturity level are only suitable for certain families of materials. Govi et al. (1993) reported a poor correlation between the degree of humification (DH), compost protein and hemicelluloses rich materials due to the formation of humic-like molecules. While Marco et al. (2004) found a high correlation between humification parameters and water-soluble carbon (WSC) that is possible to monitor the composting maturation process more easily and rapidly avoiding longer and more expensive analytical procedures.
The aeration rate (AR) is considered to be the most important factor influencing successful composting (Diaz et al, 2002) . Insufficient aeration can lead to anaerobic conditions due to the lack of oxygen, while excessive aeration can increase costs and slow down the composting process via heat, water and ammonia losses. The optimal AR depends on the composition of the raw materials and ventilation methods (Bernal et al, 2009; Shen et al, 2011) .
The initial carbon to nitrogen (C/N) ratio is one of the most important factors influencing compost quality.
In general, initial C/N ratios of 25-30 are considered ideal for composting (Kumar et al, 2010) . However, recently some researchers have successfully carried out composting at lower initial C/N ratios (Ogunwande et al, 2008) . Composting at lower initial C/N ratios can increase the amount of manure treated, but can also increase the loss of nitrogen as ammonia gas.
During composting, the moisture content (MC) is important for transporting the dissolved nutrients required for the physiological and metabolic activities of microorganisms. The optimum MC depends on the Stability and maturity of maize stalks compost as affected by aeration rate... specific physicochemical properties and biological features of the materials being composted (Liang et al, 2003) .
The interaction of these factors on composting has recently been studied by some researchers. The optimum MC was 60% during the composting of green waste and food waste at a low C/N ratio (19.6) (Kumar et al, 2010) , while and the optimum conditions for the composting of poultry manure with wheat straw were an initial MC of 70% and an AR of 0.54 L min -1 kg -1 OM (Petric and Selimbašic, 2008 Menoufia University. The maize stalks were passed through a cutting mill by using threshing machine to generate pieces ranging from 1 to 5 cm. The moisture content (MC), total organic carbon (TOC), total nitrogen (TN), C/N ratio and total extractable carbon (TEC) of the feed stocks were determined before mixing to determine nitrogen ratios to be applied. The properties of compost raw materials were carried out according to Page et al. (1982) and the obtained data are shown in Table 1 . 
Experimental set-up and design
The composting reactors were 45 L plastic cylinders (57 cm high and 32 cm inner diameter) (Fig., 1) .
The vessels were consisted of two layers of plastic intermediated with a layer of glass wool to minimize heat loss. A removable plastic lid was fitted to the top of each vessel to facilitate filling with feed stocks and removing compost. On the lid, there were holes for inserting a temperature sensor and to connect the carbon dioxide trapping solution. The temperature sensor was connected to a temperature data logger (HI143 T-Logger) to auto-record the data. At the bottom of the reactors, a 3 mm plastic grid was installed to support the composting bed and insure uniform gas distribution. There were two holes in the bottom of the reactor for aeration (using a controllable aquarium pump) and leachate drainage.
This study was established as an orthogonal array test L 9 (3 4 ) lasting 60 days (Table, 2 
Sample collection and analytical methods
Solid samples (about 200 g) were taken at the beginning, after each turning and end of composting. TOC was determined by the Walkley-Black Method;
TN, by indophenols-blue method after the Kjeldahl digestion (Page et al, 1982) .
Humic-like substances were extracted from the compost samples as described by Ciavatta et al. (1990) and the total extractable carbon (TEC) determined by wet dichromate oxidation. The extracts were fractionated into humic acids (HA) and fulvic acids (FA). After purification, the carbon content of each fraction was determined. Degree of humification (DH %) was calculated by using the following equation followed by 5 min without aeration over the whole composting period (60 days). T 1 vessels were turned on days 3, 7, 15, 30 and 45. 2
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Carbon dioxide produced by the compost is trapped by sodium hydroxide 18 carbonate (Thompson et al, 2001) . As shown in Figure 1 , the carbon dioxide was 19 sodium hydroxide (1M NaOH) wash bottle (1 L) and then measured daily by t 20 1M HCl to a phenolphthalein endpoint, after adding excess 1M BaCl 2 . 21 A water extract was prepared for the determination of the seed germination index 22 compost samples taken at mixed with deionized water at a 1:10 ratio (mass ratio) 23 for 1 h, then centrifuged at 4000 rpm for 20 min and filtered through 0.45 µm 24 filters. The GI was determined in triplicate using ten tomato seeds (Lycopersicon 25 L.) and a water extract. Eight millilitre of the water extract was pipetted into Pet 26 cm in diameter) packed with a piece of filter paper. Ten seeds were evenly scat 27 filter paper and incubated at 20 ± 1 o C for 48 h in the dark. Deionized water w 28 control. The GI was calculated by using the follows equation (Equation 2 A water extract was prepared for the determination of the seed germination index (GI). Fresh compost samples taken at mixed with deionized water at a 1:10 ratio (mass ratio) and shaken for 1 h, then centrifuged at 4000 rpm for 20 min and filtered through 0.45 µm membrane filters. The GI was determined in triplicate using ten tomato seeds (Lycopersicon esculentum L.) and a water extract. Eight millilitre of the water were evenly scattered on the filter paper and incubated at 20 ± 1 o C for 48 h in the dark. Deionized water was used as a control. The GI was calculated by using the follows equation (Equation 2) (Rui et al, 2012) .
Statistical analysis
Data were analyzed by a one-way analysis of variance (ANOVA); the LSD-t test was used for significant difference testing. Pearson's correlation coefficient was used for the analysis of bivariate correlations. The SPSS 11.5 software for Windows was used for all statistical analyzes (SPSS Inc., 2002). temperature at the beginning may be due to high available carbon content which it provides a favourable condition for the growth and biological activity of microorganisms (Novinscak et al, 2007) . The temperature tends to decrease after the thermophilic phase due to the loss of substrate and a decrease in microbial activity (Ogunwande et al, 2008) . During the curing period, CO 2 emissions are related to the degradation of complex organic molecules such as lignin and lignocelluloses by some fungi and actinomycetes (Kumar et al, 2010) . After composting, the CO 2 emissions from T1 to T9 were 180-470 g CO 2 -C kg -1 of initial total carbon. Treatment T8 had the lowest CO 2 emissions indicating that a high MC and a low C/N ratio restricted organic degradation even at a high AR. This low degradation rate occurred because the large pieces of waste material (diameter 3 cm) combined with a low C/N ratio and high MC reduced the oxygen diffusion rate into the interior of the waste particles, reducing microbial activity (Shen et al, 2011; Rui et al, 2012) . Also, the statistical analysis showed that neither the AR, C/N ratio nor the MC 
Results and Discussion

Temperature and carbon dioxide
Total organic carbon and total nitrogen
The total organic carbon (TOC) contents of all treatments decreased during composting ( is shown in Figure 3 ). As with the CO 2 emissions, the rates of decrease were greater during the thermophilic phase (60-95% of the total carbon loss) and less during the curing phase. Decreasing TOC content during composting process could be related to the mineralization of the organic matter by microorganisms. A total of 36-56% of the initial TOC (369-406 g kg -1 DM)
was lost at the end of composting (Table 3) ARs can cause higher organic carbon losses. These results are in agreement with those obtained by Rui et al. (2012) . Figure 3 shows the variation in the TN content. The TN contents of treatments with moderate and high ARs decreased during the thermophilic phase because of intensive NH 3 volatilization, but only minor changes in TN were observed for treatments at the low AR. The TN increased after the thermophilic phase for all treatments except T8, because the rate of N loss as NH 3 was slower than, the rate of dry matter loss as CO 2 and water evaporation (Huang et al, 2006) . The TN in treatment T8 decreased slightly, but had little variation after day 30, which is related to the minor losses of NH 3 by aeration coupled with the low carbon and vapour emissions due to the inactive state of the material.
At the end of composting, the TN losses were 19% to 45% (Table 3 ). The statistical analysis showed that AR (p = 0.041) had the most significant influence on the nitrogen losses compared with the MC (p = 0.725) and C/N ratio (p = 0.437). There was a significant difference between the treatments with low and high ARs (p = 0.016), but no significant differences between those two treatments and the moderate AR (p = 0.472, p = 0.342). Thus, we conclude that higher ARs can cause higher nitrogen losses.
Humic substances and humification parameters
The total extractable organic carbon (TEC) and humified humic-like substances (HA + FA) content is detailed in Figure 4 . This figure shows that TEC of the compost displayed a similar trend to TOC, which decreased rapidly at the first 15 days after composting process initiation. ).
However, the treatments treated with moderate moisture (65%) gave the highest values of DH compared with the other two moisture rates (60% and 70%).
Germination index (GI)
The GI is a sensitive indicator of maturity and phytotoxicity (Rui et al, 2012) . Figure 6 shows the changes in GI for all treatments. The GIs of all treatments decreased slowly during the early phase. This drop may be attributed to the production of low molecular weight short chain volatile fatty acids (primarily acetic acid) and the release of toxic concentration of ammonia (Fang et al, 1999) . The GIs increased with the decomposition of these toxic materials. The statistical analysis showed that the C/N ratio had a significant influence on GI (P = 0.005), but MC (P = 0.762) and AR (P = 0.864) were not important influential factors. No significant differences were found between the treatments with C/N ratios of 19 and 22 (P = 0.331), but both of those were significantly different from the treatments with a C/N ratio of 16 (P = 0.003, P = 0.005). Nada A GI of more than 80% indicates phytotoxic-free and mature compost (Rui et al, 2012) . At the end of composting (60 days), the GIs for treatments with a C/N ratio of 22 (T3, T5, T7) were higher than treatments with a C/N ratio of 19 (T2, T4, T9) at the same AR, except the lowest aeration rate where the treatment with C/N ratio of 19 was higher than the treatment with a 22 C/N ratio. While both the treatments with C/N ratios of 19 and 22 were much higher than treatments with a C/N ratio of 16. The GIs of the treatments at the lowest C/N ratio (T1, T6, T8) were 57-67%, suggesting that a longer time was required to form mature compost when a low C/N ratio was used.
This result is similar to that found by Huang et al. (2006) 
